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PRESSURE SEALED ELECTRICAL
CONNECTION INTERFACE

TECHNICAL FIELD

The disclosure generally relates to the field of pressure
sealed electrical interfaces and connections and to electrical
connectors for use in high ambient pressure environments
such as wellbore and deep-sea environments.

BACKGROUND

The o1l and gas industry utilizes downhole systems and
devices that require electrical power to perform their
intended functions. Depending on the function and system
locations, pressure barriers are required such as between
downhole compartments to protect internal systems and
components from the considerable hydrostatic pressures
experienced at depth. Downhole pressure barriers include
pressure sealed bulkheads that 1solate various compartments
that contain environmentally sensitive equipment such as
clectrical and electronic equipment. A downhole supply
cable with multiple interfaces to several additional down-
hole electrical conductors and connection interfaces are
utilized to supply power to the typically numerous downhole
clectrical loads. Sealed conduits between pressure sealed
compartments are therefore required to supply power to the
clectrical and electronic equipment disposed in different
sealed compartments along a drill string, completion string,
and/or production string. For example, a sealed connector
may be installed 1n a compartment pressure barrier such as
compartment bulkhead. The bulkhead connector 1s typically
installed 1n a hole profile machined in a part that houses the
connector. A potential leak path between the connector and
the mating part 1s normally sealed ofl by using an elasto-
meric seal, a thermoplastic seal, a metal-to-metal seal, or a
weld joint.

The reliability of the bulkhead connector may be substan-
tially increased if the potential for a leak path such as
internal or external to the connector 1s mimimized. Prevent-
ing internal and external electrical connector fluid leaks
becomes more diflicult as the depth and corresponding
hydrostatic pressure increases within a wellbore. Other
ambient environmental conditions such as temperature may
also adversely aflect fluid leak prevention due to changes 1n
material properties of sealing devices such as elastomeric or
plastic gaskets, rings, and other types of sealing compo-
nents. Such environmental conditions may also atfect metal-
to-metal contact or weld seals due to expansion/contraction
at any given instant as well as due to metal fatigue over
many expansion/contraction cycles.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the disclosure may be better understood
by referencing the accompanying drawings.

FIG. 1 1s a high-level system diagram depicting a well
system having a downhole electrical distribution network
including one or more pressure sealed connectors configured
in accordance with some embodiments;

FIG. 2A 15 a cross-section diagram 1llustrating an electri-
cal splice connector having an integrated external housing 1n
accordance with some embodiments;

FIG. 2B 1s a partial cross-section and partial cutaway
diagram 1illustrating an electrical splice connector in accor-
dance with some embodiments;
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FIG. 3A 1s a partial cross-section and partial cutaway
diagram depicting an electrical splice connector 1n accor-

dance with some embodiments;
FIG. 3B 1s a partial cross-section and partial cutaway
diagram 1illustrating an electrical splice connector 1n accor-

dance with some embodiments; and
FIGS. 4A and 4B are partial cross-section and partial

cutaway diagrams depicting an electrical splice connector 1n
accordance with some embodiments.

DESCRIPTION OF EMBODIMENTS

The description that follows includes example systems,
methods, techniques, and program flows that embody
aspects of the disclosure. However, 1t 1s understood that this
disclosure may be practiced without one or more of these
specific details. Well-known 1nstruction instances, protocols,
structures, and techmiques have not been shown 1n detail 1n
order not to obfuscate the description.

Overview

Disclosed embodiments include electrical connectors
configured to mechanically and electrically connect down-
hole systems and components such as may be separated by
pressure barriers that may or may not encompass the electric
connectors. The electrical connectors may be installed, for
example, 1n a downhole pressure sealed bulkhead to enable
an electrical power or signal line to pass through the
bulkhead between compartments subject to potentially dif-
terent fluid pressures and/or other environmental conditions.
In some embodiments, an electrical connector may be con-
figured as an integral, single body unit 1n which both ends
of a splice mterface are housed. The single body structure
(e.g., mtegrated molded body) prevents external fluid pres-
sure from penetrating into the splice connection, which may
turther comprise a glass ceramic sleeve forming a pair of
glass-to-metal joints that prevents fluid pressure from pen-
etrating across the splice connection. As utilized herein, a
glass ceramic sleeve may comprise a glass or ceramic
material or a combination of both.

In some embodiments, an electrical connector may be
configured as a dry-mate connector assembly including an
outer body housing and internal pressure barrier components
that protect an internal releasable connection interface from
fluid pressures external to and potentially internal to a
supply cable to which the connector i1s coupled or otherwise
integrated. The pressure seal components may be configured
to simultaneously facilitate electrical connectivity to maxi-
mize conductivity and connection reliability across the con-
nector. The dry-mate splice connector may be configured for
either or both cable-to-cable splices and cable-to-component
clectrical connections such as a cable head connection
between a downhole power supply cable and one or more
downhole electrical and electronic devices.

The disclosed splice connectors may be implemented as a
bulkhead connector having a conductor contact interface
coupled between a pair ol opposing mating ends and 1n
which at least one mating end may be disconnected from the
bulkhead connector. In one aspect, a splice connector com-
prises a three-part body connector 1n which a middle sleeve
1s welded or otherwise coupled to an opposing pair of
connector bodies having internal receptable cavities. The
internal receptacle cavities are configured to contain con-
nector receptacles configured to protectively house respec-
tive center pins forming each end of the splice. At least a
portion of a splice interface 1s formed within the cylindrical
inner diameter (ID) of the middle sleeve. In some embodi-
ments, the splice interface includes the middle sleeve and
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one or more internal fluid pressure barriers disposed within
the ID of the middle sleeve. For example, the spice interface

may include ceramic glass sleeves disposed around an outer
diameter (OD) of the center pins of each connector end and
within the ID of respective axial extents of the connector
ends. In this annular disposition, a pair of cylindrical fluid
pressure barriers are formed as glass-to-metal joints between
the IDs of ceramic glass sleeves and the ODs of the center
pins and the ODs of the ceramic glass sleeves and the 1Ds
ol axial extents of the connector bodies.

Example Illustrations

FIG. 1 1s a high-level block diagram depicting a well
system 100 having a downhole electrical distribution net-
work that implements an electrical connection interface
apparatus including one or more pressure sealed connectors
in accordance with some embodiments. Well system 100
generally includes a wellhead 102 that 1s a surface termi-
nation of a wellbore 107 that has been formed such as by
drilling within subterranean strata 115. Wellhead 102
includes systems and components configured to implement
completion and/or production operations. For embodiments
in which well system 100 1s configured for completion
operations, wellhead 102 may include systems and compo-
nents configured to install casing during production well
construction. Wellhead 102 may also include systems and
components configured to install production infrastructure
such as production tubing that 1s itercoupled and installed
downhole within wellbore 107 to form a production string
106. During production operations, tubing within production
string 106 forms the primary flow conduit through which
downhole fluids, such as hydrocarbon fluids, flow from
formation(s) within subterranean strata 115 to the surface
through wellhead 102. Whether to facilitate production
operations and/or completion operations, well system 100
includes electronic and electrical systems and components
that are deployed downhole within wellbore 107.

The depicted electronic and electrical systems and com-
ponents within well system 100 may include several flow
control devices such pumps, valves, nozzles, actuators, as
well as other devices that are electrically actuated and
operated. In addition to higher power consuming devices
such as downhole pumps and valves, well system 100 may
include a number of lower power downhole electrical
devices such as downhole measurement instruments, such as
permanent downhole gauges (PDGs), accelerometers, resis-
tivity, gamma or neutron, density, or other measurement or
monitoring devices. To efliciently supply power to the
different and spatially separated loads, well system 100 is
configured to provide semi-independent power supply to
designated power distribution zones that includes respective
sets of loads and local power supplies. To this end, well
system 100 includes distribution zones 110, 112, and 114.

Each of power distribution zones 110, 112, and 114
includes multiple electrically powered systems and compo-
nents (loads) and may further include one or more local, 1n
situ power supplies such as voltage regulators/converters.
For istance, distribution zone 112 includes loads configured
as flow control devices 120 and permanent downhole gauges
122. Dastribution zone 112 further includes a local power
supply 128 that provides power to loads withun the zone.

For ease and clarity of illustration and description, only a
limited number of electrical and electronic downhole
devices are expressly depicted mn FIG. 1. Typically, well
system 100 1includes many downhole electric and electronic
components that each become active electrical loads when
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activated during downhole completion/production opera-
tions. To supply the requisite voltage and current levels, well
system 100 includes a source power supply that includes an
clectric energy source 118 and a power supply cable imple-
mented as a tubing encapsulated conductor (TEC) cable 124.
TEC cable 124 comprises a center conductor such as a solid
or stranded copper conductor encased within one or more
metallic shield and insulating layers. TEC cable 124 1s
designed and installed as a permanent or semi-permanent
downhole cable to supply power via cable connector heads
to downhole systems and components such as distribution
zones 110, 112, and 114. In the depicted embodiment,
clectrical energy source 118 1s a surface system such as a
generator system comprising a set of generator trucks fluid
driven turbines, and/or solar photoelectric generators posi-
tioned 1n proximity to the site of wellhead 102. Electrical
energy source 118 may also or alternatively include a
powerline electrical source such as a powerline connection
or interface. The electrical power sourced and output from
clectrical energy source 118 may be any combination of DC
and/or alternating current (AC) power.

The downhole electrical supply for well system 100 may
include several downhole power supply units including
downhole power supply unit 128 within distribution zone
112 and similar supplies within distribution zones 110 and
114. In the depicted embodiment, power 1s supplied to the
downhole loads at the requisite voltage/current levels from
TEC cable 122 wvia the local supply units that may be
configured as voltage regulators including voltage convert-
ers. The vanety of different types of electrically powered
downhole loads have diflerent power consumption require-
ments and are located at widely varying locations along
wellbore 107.

Electric power distribution from the surface to downhole
loads such as within distribution zones 110, 112, and 114
requires electrical connections such as splice connections
that connect a variety of different electrical and/or signal
lines. The connections may be implemented as and/or
referred to 1n a variety of ways such as electric coupling,
connection, splice connection/connector, etc. Electrical con-
nections such as splice connections between electric/signal
lines may be utilized to provide electrical connectivity
between different regions or compartments within wellbore
107 between which there may be environmental and/or
designed discontinuities 1n operating conditions such as
pressure and temperature. For example, different operating
regions such as the depicted distribution zones 110, 112, and
114 and or electric components within the zones may be
mutually pressure 1solated such as via compartment barrier
walls.

The electrical connections between such otherwise mutu-
ally 1solated zones or components may require a level of
external 1solation from external environmental conditions
such as potentially extreme hydrostatic fluid pressures. In
the depicted embodiment, TEC cable 124 may include a
pressure tube forming an outer protective layer that serves to
prevent migration of external fluids within wellbore 107 into
its iternal structure. Similarly, and in accordance with the
embodiments depicted herein, electrical splice connections
may be optimized by including a secondary fluid pressure
barrier that prevents external fluid pressure that may be very
high on one or both sides of the connection from breaching
into the internal electrical connection interface (1.e., splice
interface). The disclosed embodiments also include arrange-
ments ol components and features to reduce or eliminate
internal migration of potentially high-pressure fluid along
the internal structure of an electrical line or cable. For
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example, TEC cable 124 may be breached, possibly at a
connector interface, and the resultant pressurized fluid may
travel upward along the cable through one or more connec-
tion interfaces without adequate internal fluid pressure bar-
riers within the interfaces.

Source electric power 1s recerved by the respective local
power supplies from TEC cable 124 and transmitted to
various downhole location such as within distribution zones
110, 112, and 114. Delivery of power along TEC cable 124
and from TEC cable 124 to local power supplies may require
splice connections such as depicted proximate to power
supply unit 128. Supply power 1s transmitted along a con-
ductor line within TEC cable 124, which as shown may be
splice connected wvia a splice connector 134 from an
upstream conductor line 138 to a downstream conductor line
140. As further shown, a splice connector 132 1s configured
to electrically and mechanically couple the supply from TEC
cable 124 to power supply 128, which 1s disposed 1n a power
supply housing 130. As depicted and described in further
detail with reference to FIGS. 2A, 2B, 3A, 3B, 4A, and 4B,
splice connectors 132 and 134 include components 1nclud-
ing a splice interface, such as splice interface 136, arranged
and configured to prevent ingress ol external fluids at
pressure. The splice connectors further include components
arranged and configured to prevent fluid pressure from
breaching across internally from one side of the connector to
the other.

FIG. 2A 1s a cross-section diagram 1illustrating an electri-
cal splice connector 200 having an integrated external
housing 1n accordance with some embodiments. As shown,
splice connector 200 1ncludes a singular integrated connec-
tor body 202 that houses the other components including
splice 1terface components. Connector body 202 may be
tabricated as a single machined/molded unit from one or
more materials having suflicient strength and corrosion
resistance that balances rigidity and flexibility. For example,
connector body 202 may comprise a steel alloy having
material properties including rigidity to provide a suflicient
resistance to internal collapse from potentially high external
fluid pressures 1n potentially high temperature downhole
locations. The structural design of connector body 202 as a
singular 1ntegrated umit with no welded or otherwise
mechanically coupled seams presents an optimal pressure
barrier against external, high pressure fluids from entering
the 1nternal structure of splice connector 200.

The 1nternal structure of splice connector 200 1s disposed
within a cavity defined by the internal diameter (ID) of
connector body 202. The internal structure includes a sym-
metric arrangement of internal conductors and spice inter-
face components configured to electrically couple line con-
ductors. In the depicted embodiment, the internal structure
includes a pair of connector receptacles 203 and 205 dis-
posed at each opposing end of splice connector 200. Con-
nector receptacle 203 includes a receptacle sleeve 204
configured to contain and protect a conductor line (not
expressly depicted) that 1s to be splice connected. Connector
receptacle 203 further includes an end coupler 206 config-
ured to mechanically fasten to a corresponding coupling for
the line conductor. Similarly, the opposing connector recep-
tacle 205 includes a receptacle sleeve 208 and end connector
210 that are configured to receive, contain, and attach to
another conductor line to be splice connected.

Splice connector 200 further includes a splice interface
212 configured to electrically connect the two line conduc-
tors contained 1n connector receptacles 203 and 205. Splice
interface 212 comprises a conductive center pin 213 that
extends axially between and centered within receptacle

10

15

20

25

30

35

40

45

50

55

60

65

6

sleeves 204 and 208. Center pin 213 may comprise a highly
conductive and suiliciently rigid metallic material such as
copper or a copper alloy, stainless steel or nickel alloy, or
other corrosion resistant alloy for example. Each of the ends
of center pin 213 1s connected to one of the two conductor
lines to be splice connected within splice interface 212.

Splice interface 212 comprises concentrically arranged
components such as a center extent of connector body 202
disposed around a center extent of center pin 213. Splice
interface 212 further includes components arranged and
configured to prevent pressurized tfluid from migrating in
cither direction between connector receptacles 203 and 205
across splice interface 212. To this end, splice interface 212
includes a pressure sleeve 214 annularly disposed between
an ID of the center portion connector body 202 and an outer
diameter (OD) of center pin 213. The mmner and outer
contour ol pressure sleeve 214 substantially match the
contour of the opposing surfaces of connector body 202 and
center pin 213 to provide maximum contact joints. To
further increase fluid pressure resistance, pressure sleeve
214 may be fabricated of a material that 1s micro-amorphous
but substantially macro-rigid such as glass. In some embodi-
ments, pressure sleeve 214 may comprise a polycrystalline
material having crystalline regions and amorphous regions
such as a ceramic glass.

The annular disposition of pressure sleeve 214 between
center pin 213 and connector body 202 results 1n a pair of
clongated, cylindrical pressure barriers configured as glass-
to-metal joints. Namely, a first pressure barrier 216 1s formed
as a glass-to-metal joint between the OD of pressure sleeve
214 and the ID of a portion of connector body 202, and a
second pressure barrier 218 1s formed as a glass-to-metal
joint between the 1D of pressure sleeve 214 and the OD of
a portion of center pin 213. Pressure barriers 216 and 218
provide substantial resistance to fluid penetration between
the ends of the internal structure of splice connector 200.

To enhance the fluid penetration resistance, splice con-
nector 200 further includes cylindrical grooves within con-
nector body 202 that provide a more fail-safe design in case
one side of the splice connector 1s breached by high pressure
fluad. For instance, connector body 202 includes a cylindri-
cal groove 222 disposed around the end of pressure sleeve
214 proximate the mner axial end of receptacle sleeve 204.
Consistent with the bilaterally symmetric configuration,
connector body 202 further includes a cylindrical groove
224 disposed around the end of pressure sleeve 214 proxi-
mate the mner axial end of receptacle sleeve 204. Grooves
222 and 224 may be empty cylindrical cavity spaces extend-
ing from the ends of receptacle sleeves 204 and 208 respec-
tively or may contain a flanged extension from the ends of
receptacle sleeves. In eirther case, 1f pressurized fluid
migrates 1to one side of splice connector 200, the one of
grooves 222 and 224 on that side 1s configured to apply
additional pressure on the corresponding end of pressure
sleeve 214 to prevent fluid from migrating across to the other
connector end. For instance, pressurized fluid that migrates
into connector receptacle 203 or other components on that
side of the internal structure of splice connector 200, will
flow 1nto groove 222 and apply a radial inward force on the
narrow band of body material between groove 222 and
pressure sleeve 214. The connector body material has sui-
ficient flexibility given the narrow contour to translate the
inward radial pressure to the glass-to-metal joint between
the ID of connector body 202 and the OD of pressure seal
214.

Embodiments may further include splice connectors hav-
ing multi-part body design. FIG. 2B 1s a partial cross-section
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and partial cutaway diagram 1llustrating an electrical splice
connector 250 having a three-part external body design 1n
accordance with some embodiments. Splice connector 250
includes an external connector structure comprising a first
connector body 252 and a second connector body 254 that
cach house components including splice interface compo-
nents for a respective pin connector. The external structure
of splice connector 250 further includes a middle sleeve 266
axially disposed between connector bodies 252 and 254.
Connector bodies 252 and 2354 and middle sleeve 266 may
be fabricated as discrete units from one or more materials
having suflicient strength and corrosion resistance that bal-
ances rigidity and tlexibility. For example, connector bodies
252 and 254 and middle sleeve 266 may comprise a steel
alloy having matenal properties including rigidity to provide
a sullicient resistance to internal collapse from potentially
high external tluid pressures in potentially high temperature
downhole locations. Connector bodies 252 and 254 and
middle sleeve 266 may be mechanically and materially
coupled such as by weld joints 268 and 270 that present
substantially fluid resistance seams that provide a pressure
barrier against external, high pressure fluids from entering
the internal structure of splice connector 250. In some
embodiments, middle sleeve 266 may be coupled to con-
nector bodies 252 and 254 by Additive Manufacturing (3D
printing). This process may include directed energy depo-
sition such as Direct Metal Laser Sintering, Direct Metal
Laser Melting or Electron Beam Melting.

The internal structure of splice connector 250 1s disposed
within respective internal cavities defined by the IDs of
connector bodies 252 and 254. The internal structure
includes a symmetric arrangement of internal conductors
and spice interface components configured to electrically
couple line conductors. The internal structure includes a pair
of connector receptacles 233 and 235 disposed at each
opposing end of splice connector 250. Connector receptacle
2353 includes a receptacle sleeve 258 configured to contain
and protect a conductor line (not expressly depicted) that 1s
to be splice connected. Connector receptacle 253 further
includes an end coupler 260 configured to mechanically
fasten to a corresponding coupling for the line conductor.
Similarly, the opposing connector receptacle 255 includes a
receptacle sleeve 262 and an end connector 264 that are
configured to receive, contain, and attach to another con-
ductor line to be splice connected.

Splice connector 250 further includes a splice interface
256 configured to electrically connect the two line conduc-
tors contained 1n connector receptacles 253 and 2355. Splice
interface 256 comprises a conductive center pin 271 that
extends axially between and centered within receptacle
sleeves 238 and 262. Center pin 271 may comprise a highly
conductive and sufliciently rigid metallic material such as
copper or a copper alloy, stainless steel or nickel alloy, or
other corrosion resistant alloy for example. Each of the ends
of center pin 271 i1s connected to one of the two conductor
lines to be splice connected within splice interface 256.

Splice interface 256 comprises concentrically arranged
components including middle sleeve 266 disposed around a
center extent of center pin 271. Splice interface 256 further
includes components arranged and configured to prevent
pressurized tluid from migrating in either direction between
connector receptacles 253 and 255 across splice interface
256. To this end, splice interface 256 includes a pressure
sleeve 272 annularly disposed between an ID of middle
sleeve 266 and an OD of center pin 271. The inner and outer
contour ol pressure sleeve 272 substantially match the
contour of the opposing surfaces of middle sleeve 266 and
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center pin 271 to provide maximum contact joints. To
further increase fluid pressure resistance, pressure sleeve
272 may be fabricated of a material that 1s micro-amorphous
but substantially macro-rigid such as glass. In some embodi-
ments, pressure sleeve 272 may comprise a polycrystalline
material having crystalline regions and amorphous regions
such as a ceramic glass.

The annular disposition of pressure sleeve 272 between
center pin 271 and middle sleeve 266 results 1n a pair of
clongated, cylindrical pressure barriers configured as glass-
to-metal joints. Namely, a first pressure barrier 274 1s formed
as a glass-to-metal joint between the OD of pressure sleeve
272 and the ID of middle sleeve 266, and a second pressure
barrier 276 1s formed as a glass-to-metal joint between the
ID of pressure sleeve 272 and the OD of a portion of center
pin 271. Pressure barriers 274 and 276 provide substantial
resistance to fluid penetration between the ends of the
internal structure of splice connector 250. Similar to splice
connector 200, splice connector 250 further includes cylin-
drical grooves 280 and 282 within connector bodies 252 and
254 that provide a more fail-safe design 1n case one side of
the splice connector 1s breached by high pressure fluid.

The embodiment depicted 1n FIG. 2A provides a no-seam
external pressure barrier and a single pressure sleeve barrier
between the ends of the splice connector. The embodiment
depicted i FIG. 2B provides a welded seam external
pressure barrier and, as with the embodiment 1n FIG. 2A,
provides a single pressure sleeve barrier between the ends of
the splice connector. FIG. 3A 1s a partial cross-section and
partial cutaway diagram depicting an electrical splice con-
nector 300 that includes a multi-part external body and
multiple internal pressure sleeve barriers 1n accordance with
some embodiments. Splice connector 300 1includes an exter-
nal connector structure comprising a {irst connector body
302 and a second connector body 304 that each house
components ncluding splice interface components for a
respective pin connector. The external structure of splice
connector 300 further includes a middle sleeve 306 axially
disposed between connector bodies 302 and 304. Connector
bodies 302 and 304 and middle sleeve 306 may be fabricated
as discrete units from one or more materials having sutlicient
strength and corrosion resistance that balances rigidity and
flexibility. For example, connector bodies 302 and 304 and
middle sleeve 306 may comprise a steel alloy having mate-
rial properties including rigidity to provide a suflicient
resistance to internal collapse from potentially high external
fluid pressures 1n potentially high temperature downhole
locations. Connector bodies 302 and 304 and middle sleeve
306 may be mechanically and materially coupled such as by
weld joints that present substantially fluid resistance seams
that provide a pressure barrier against external, high pressure
fluids from entering the internal structure of splice connector
300.

The internal structure of splice connector 300 1s disposed
within respective internal cavities defined by the IDs of
connector bodies 302 and 304. The internal structure
includes a symmetric arrangement of internal conductors
and spice interface components configured to electrically
couple line conductors. The internal structure includes a pair
of connector receptacles 308 and 310 disposed at each
opposing end of splice connector 300. Splice connector 300
turther 1includes a splice interface 312 configured to electr-
cally connect the two line conductors contained 1n connector
receptacles 308 and 310. In contrast to the embodiments
depicted 1n FIGS. 2A and 2B, splice interface 312 1s con-
figured as two distinct pin connectors having respective
center pins. The first pin connector includes a conductive
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center pin 3035 that 1s disposed within and extends axially
from connector receptacle 308. The second pin connector
includes a conductive center pin 307 that 1s disposed within
and extends axially from connector receptacle 310. Center
pins 305 and 307 may comprise a highly conductive and
suiliciently rigid metallic material such as copper or a copper
alloy, for example.

Splice interface 312 comprises concentrically arranged
components including middle sleeve 306 disposed around
the opposing ends of center pins 305 and 307 including male
pin terminals 330 and 332. Splice interface 312 further
includes components arranged and configured to prevent
pressurized tluid from migrating in either direction between
connector receptacles 308 and 310. To this end, splice
interface 312 includes a pair of pressure sleeves 314 and 316
that are included in the respect pin connectors. Pressure
sleeve 314 1s annularly disposed between an ID of an extent
of connector body 302 and an OD of center pin 305. Pressure

sleeve 316 1s annularly disposed between an ID of an extent
of connector body 304 and an OD of center pin 307. The
inner and outer contours of pressure sleeves 314 and 316
substantially match the contour of the opposing surfaces of
connector bodies 302 and 304 and center pins 305 and 307
to provide maximum contact joints. To further increase tluid
pressure resistance, pressure sleeves 314 and 316 may be
tabricated of a maternial that 1s micro-amorphous but sub-
stantially macro-rigid such as glass. In some embodiments,
pressure sleeves 314 and 316 may comprise a polycrystal-
line material having crystalline regions and amorphous
regions such as a ceramic glass.

The annular disposition of pressure sleeves 314 and 316
between center pins 305 and 307 and connector bodies 302
and 304 results 1 two pairs of elongated, cylindrical pres-
sure barriers that may be configured as glass-to-metal joints
or joints comprises ol a diflerent material or combination of
materials providing a suflicient flud pressure barrier. One
pair of pressure barriers includes a first pressure barrier 318
that 1s formed as a glass-to-metal joint between the OD of
pressure sleeve 314 and the ID of connector body 302, and
a second pressure barrier 320 that 1s formed as a glass-to-
metal joint between the ID of pressure sleeve 314 and the
OD of a portion of center pin 305. The other pair of pressure
barriers includes a first pressure barrier 322 that 1s formed as
a glass-to-metal joint between the OD of pressure sleeve 316
and the ID of connector body 304, and a second pressure
barrier 324 that 1s formed as a glass-to-metal joint between
the ID of pressure sleeve 316 and the OD of a portion of
center pin 307. Pressure barriers 318, 320, 322, and 324
provide substantial resistance to fluid penetration between
the ends of the internal structure of splice connector 300.
Similar to splice connectors 200 and 250, splice connector
300 further includes cylindrical grooves 336 and 338 within
connector bodies 302 and 304 that provide a more fail-safe
design 1n case one side of the splice connector 1s breached
by high pressure fluid.

Splice interface 312 further includes components config-
ured to strengthen the mechanical connection and conse-
quently the electrical conduction path between center pins
305 and 307. To this end, splice interface 312 further
includes a shrink ring 334 that 1s annularly disposed between
a pair of shrink ring collars 326 and 328 and the opposing
pair of pin terminals 330 and 332. Shrink ring 334 may be
activated by heating, causing shrink ring 334 to compress
radially inward and secure the connection of the opposing,
pin connectors. Shrink ring 334 may be fabricated of a
metallic conductive material providing a current path
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between the ODs of each of center pins 305 and 307 with
which the ID of shrink ring 1s compressed into contact.

The opposing dual pressure sleeve design of splice con-
nector 300 1s further configured to enhance the tluid pressure
resistance 11 one of pressure sleeves 314 or 316 1s breached
by internal fluid pressure. For instance, 1f pressure sleeve
314 1s breached, the fluid pressure migrates within the 1D of
middle sleeve 306 such as through the contact seam between
shrink ring collars 326 and 328 and the ID surface of middle
sleeve 306. The fluid pressure 1s exerted radially inward on
the narrowed imner collar of connector body 304, which
translates and applies the pressure radially inward on pres-
sure sleeve 316 to enhance the glass-to-metal joints 322 and
324.

In addition to the depicted pressure sleeves, splice inter-
face 312 may further include adhesive sealant material such
as an e¢lectrically non-conductive epoxy or similar material
applied within one or more of the internal cavities within
splice interface 312. For example, the adhesive sealant
material may be applied to spaces around the outer surfaces
of shrink ring collars 326 and 328 to pressure seal the space
between shrink ring collars 326 and 328 and middle sleeve
306. The adhesive sealant may also be applied to the annular
space around pressure sleeves 314 and 316 and to spaces
between the mner surfaces of shrink ring collars 326 and 328
and the opposing outer surfaces of shrink ring 334. Applied
in any of the spaces within splice interface 312, the adhesive
sealant material provides additional mechanical support and
forms a fluid pressure barrier that prevents internal fluid
migration from reaching the inner conductor pins in case of
a leak around middle sleeve 306.

Similar to splice connectors 200 and 250, splice connector
300 has an external body contour in which the center
external profile that surrounds splice interface 312 has a
machined OD profile that conforms to an ID profile of a
bulkhead (not depicted) in which splice connector may be
installed. FIG. 3B 1s a partial cross-section and partial
cutaway diagram 1illustrating an electrical splice connector
350 in accordance with some embodiments. As shown,
splice connector 350 includes many of the same components
including a similarly configured splice interface 312. As
shown, the OD profile includes various machined contours
such as a seal groove 352 and a weld flange 354 on a
connector body 356 and a seal groove 358 and a weld flange
360 on a connector body 362. Such vanations on the OD of
the external connector bodies permits installation of splice
connectors 1n a variety ol different configurations.

The splice connectors 300 and 350 are configured with
symmetric pin connectors having male to male pin termi-
nals. FIGS. 4A and 4B are partial cross-section and partial
cutaway diagrams depicting an electrical splice connector
having a male-to-female center pin interface in accordance
with some embodiments. FIG. 4A depicts a splice connector
400 that includes an external connector structure comprising
a first connector body 402 and a second connector body 404
that each house components including splice interface com-
ponents for a respective pin connector. The external struc-
ture of splice connector 400 further includes a middle sleeve
406 axially disposed between connector bodies 402 and 404.
Connector bodies 402 and 404 and middle sleeve 406 may
be mechanically and materially coupled such as by weld
joints that present substantially fluid resistance seams that
provide a pressure barrier against external, high pressure
fluids from entering the internal structure of splice connector
400.

The 1nternal structure of splice connector 400 1s disposed
within respective internal cavities defined by the IDs of
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connector bodies 302 and 304. The internal structure
includes a pair of connector receptacles 408 and 410 dis-
posed at each end of splice connector 400. Splice connector
400 further includes a splice interface 412 configured to
clectrically connect the two line conductors contained 1n
connector receptacles 408 and 410. Splice interface 412 1s
configured as two distinct pin connectors having respective
center pins. The first pin connector 1cludes a conductive
center pin 405 that 1s disposed within and extends axially
from connector receptacle 408. The second pin connector
includes a conductive center pin 407 that 1s disposed within
and extends axially from connector receptacle 410. In con-
trast to the embodiments 1n FIGS. 3A and 3B 1n which the
opposing center pins had male pin terminals configured
back-to-back, center pins 405 and 407 are configured to be
directly coupled 1n a male-to-female connection. In the
depicted embodiment, center pin 405 includes a male pin
terminal 422 that 1s coupled to a female pin terminal 424 on
center pin 407 within splice interface 412.

Similar to the splice interface 1n FIGS. 3A and 3B, splice
interface 412 further includes a shrink ring 426 that is
annularly disposed between a pair of shrink ring collars and
the opposing pair of pin terminals 422 and 424. Shrink ring
426 may be activated by heating, causing shrink ring 426 to
compress radially imnward and secure the connection of the
opposing pin connectors and particularly the mechanical
connection between pin terminals 422 and 424. Shrink ring
426 may be fabricated of a metallic conductive matenal
providing an additional, parallel current path between the
ODs of each of center pins 405 and 407 with which the ID
of shrink ring 426 1s compressed mto contact. In alternate
embodiments, shrink ring 426 may comprise an electric
insulator material such as a ceramic matenal. Pressure
sleeve 414 1s annularly disposed between an ID of an extent
of connector body 402 and an OD of center pin 403. Pressure
sleeve 416 1s annularly disposed between an ID of an extent
of connector body 404 and an OD of center pin 407. The
inner and outer contours of pressure sleeves 414 and 416
substantially match the contour of the opposing surfaces of
connector bodies 402 and 404 and center pins 405 and 407
to provide maximum contact joints. Similar to splice con-
nectors 300 and 350, splice connector 400 further includes
cylindrical grooves 418 and 420 within connector bodies
402 and 404, respectively, that provide a more fail-safe
design 1n case one side of the splice connector 1s breached
by high pressure fluid.

FIG. 4B 1illustrates a splice interface 450 which may be
utilized 1in a male-to-female splice connector that includes a
first connector body 452 and a second connector body 454.
The external profile of splice interface 450 includes a middle
sleeve 456 axially disposed between connector bodies 452
and 4354. Connector bodies 452 and 434 and middle sleeve
456 may be mechanmically and materially coupled such as by
weld joints 458 and 460 that present substantially fluid
resistance seams that provide a pressure barrier against
external, high pressure fluids from entering the internal
structure that includes splice interface 450. Weld joints 458
and 460 are depicted as being relatively shallow and 1t
should be noted that the weld joint depth may be determined
based, at least in part, on the fluid pressure and related
stresses that the joints are designed to resist.

Splice connector 450 further includes a splice interface
configured to electrically connect the two line conductors
contained 1 connector receptacles similar to connector
receptacles 408 and 410 of FIG. 4A. As shown 1n FIG. 4B,
the splice interface 1s configured as two distinct pin con-
nectors having respective center pins 466 and 468. Similar
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to splice interface 412 1 FIG. 4A, center pins 466 and 468
are configured to be directly coupled in a male-to-female

connection. In the depicted embodiment, center pin 466
includes a male pin terminal 462 that 1s coupled to a female
pin terminal 464 on center pin 468. Splice interface 4350
turther includes a shrink ring assembly comprising a shrink
ring 474 and a conductive sleeve 476 with shrink ring 474
annularly disposed between a pair of shrink ring collars 470
and 472 and conductive sleeve 476. As shown, conductive
sleeve 476 1s annular disposed between shrink ring 474 and
the opposing pair of pin terminals 462 and 464. Shrink ring
474 may be activated by heating, causing shrink ring 474
and conductive sleeve 476 to compress radially inward and
secure the connection of the opposing pin connectors and
particularly the mechanical connection between pin termi-
nals 462 and 464. In the depicted embodiment, shrink ring
474 may be fabricated of a conductive or msulator material
and conductive sleeve 476 provides a parallel current path
between the ODs of each of center pins 466 and 468 with
which the ID of conductive sleeve 476 1s compressed 1nto
contact. The parallel current path provided by the configu-
ration of conductive sleeve 476 results 1n a more electrically
cllicient electrical connection and allows the connection to
accommodate higher current and power levels. To prevent
an electric short from either of center pins 466 or 468 with
other metallic components, shrink ring collars 470 and 472
may be fabricated of an electrical insulating material such as
a PEEK material. Splice interface 4350 further includes
secams 480 and 482 between shrink ring 474 and conductive
sleeve 476 and shrink ring collars 470 and 472 which may
or may not be filled with a non-conductive maternial such as
an epoxy. In some embodiments for example in which shrink
ring collars 470 and 472 are not fabricated of an electrical
insulating material, seams 480 and 482 may comprise an
insulation material such as PEEK material.

Vanations

While the aspects of the disclosure are described with
reference to various implementations and exploitations, 1t
will be understood that these aspects are illustrative and that
the scope of the claims 1s not limited to them. Plural
instances may be provided for components, operations or
structures described herein as a single instance. Finally,
boundaries between various components, operations and
data stores are somewhat arbitrary, and particular operations
are 1llustrated 1n the context of specific 1llustrative configu-
rations. Other allocations of Tunctionality are envisioned and
may fall within the scope of the disclosure. In general,
structures and functionality presented as separate compo-
nents in the example configurations may be implemented as
a combined structure or component. Similarly, structures
and functionality presented as a single component may be
implemented as separate components. Use of the phrase “at
least one of” preceding a list with the conjunction “and”
should not be treated as an exclusive list and should not be
construed as a list of categories with one item from each
category, unless specifically stated otherwise.

Embodiment 1: A downhole splice connector comprising:
at least one connector body having an inner diameter defin-
ing a cavity within which at least one connector receptacle
1s disposed; at least one conductive center pin disposed
within the at least one connector receptacle; and at least one
pressure sleeve annularly disposed between an inner diam-
cter of the connector body and an outer diameter of the
center pin, such that a pressure barrier 1s formed between an
outer diameter of the pressure sleeve and an 1nner diameter
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of the connector body and a pressure barrier 1s formed
between an inner diameter of the pressure sleeve and an
outer diameter of the center pin. The pressure sleeve may
comprise a polycrystalline or amorphous material having at
least one of a crystalline region and an amorphous region.
The pressure sleeve may comprise a ceramic glass sleeve
and the pressure barriers may include: a glass-to-metal joint
between the outer diameter of the pressure sleeve and the
inner diameter of the connector body; and a glass-to-metal
joint between the 1nner diameter of the pressure sleeve and
the outer diameter of the center pin. The connector body may
comprise an 1tegrated body, and the at least one connector
receptacle may comprise a pair of opposing connector
receptacles within which opposing ends of the center pin are
disposed, and the pressure sleeve may be disposed axially
between the pair ol opposing connector receptacles. The
downhole splice connector may further comprise a cylindri-
cal groove extending from an axial end of the at least one
connector receptacle and disposed concentrically around an
axial extent of a cylindrical extent of the connector body that
1s annularly disposed between the cylindrical groove and an
extent of the at least one pressure sleeve. The at least one
connector body may include a first connector body, a second
connector body, and a muddle sleeve disposed axially
between the first connector body and the second connector
body. The downhole splice connector may further comprise:
a first pin connector that includes, the first connector body
having a first cavity; a first connector receptacle disposed
within the first cavity; and a first center pin disposed within
the first connector receptacle; and a second pin connector
that 1ncludes, the second connector body having a second
cavity; a second connector receptacle disposed within the
second cavity; and a second center pin disposed within the
second connector receptacle. The first pin connector may
include a first pin terminal coupled to a distal end of the first
center pin, and wherein the second pin connector includes a
second pin terminal coupled to a distal end of the second
center pin and disposed 1n opposing proximity to the first pin
terminal, said splice connector further comprising a shrink
ring disposed concentrically around the first and second pin
terminals. The at least one pressure sleeve may include a first
pressure sleeve, the first pin connector including the first
pressure sleeve annularly disposed between an inner diam-
eter of the first connector body and an outer diameter of the
first center pin, such that a pressure barrier 1s formed
between an outer diameter of the first pressure sleeve and an
inner diameter of the first connector body and a pressure seal
1s formed between an inner diameter of the first pressure
sleeve and an outer diameter of the first center pin. The at
least one pressure sleeve may include a second pressure
sleeve with the second pin connector including the second
pressure sleeve annularly disposed between an inner diam-
eter of the second connector body and an outer diameter of
the second center pin, such that a pressure barrier 1s formed
between an outer diameter of the second pressure sleeve and
an mner diameter of the second connector body and a
pressure seal 1s formed between an inner diameter of the
second pressure sleeve and an outer diameter of the second
center pin.

Embodiment 2: A splice connector comprising: a {irst pin
connector including, a first connector body having a {first
cavity; a first connector receptacle disposed within the first
cavity; a first center pin disposed within the first connector
receptacle; and a first glass sleeve annularly disposed
between an mnner diameter of the first connector body and an
outer diameter of the first center pin, such that a pressure
barrier 1s formed between an outer diameter of the first glass
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sleeve and an 1inner diameter of the first connector body and
a pressure seal 1s formed between an 1mnner diameter of the
first glass sleeve and an outer diameter of the first center pin;
and a second pin connector including, a second connector
body having a second cavity; a second connector receptacle
disposed within the second cavity; a second center pin
disposed within the second connector receptacle; and a
second glass sleeve annularly disposed between an inner
diameter of the second connector body and an outer diam-
eter of the second center pin, such that a pressure barrier 1s
formed between an outer diameter of the second glass sleeve
and an mner diameter of the second connector body and a
pressure barrier 1s formed between an 1nner diameter of the
second glass sleeve and an outer diameter of the second
center pin. The first pin connector may include a first pin
terminal coupled to a distal end of the first center pin, and
wherein the second pin connector includes a second pin
terminal coupled to a distal end of the second center pin and
disposed 1n opposing proximity to the first pin terminal, said
splice connector further comprising a shrink ring disposed
concentrically around the first and second pin terminals. The
splice connector may further comprise a splice interface
comprising a middle sleeve disposed axially between the
first connector body and the second connector body and
disposed concentrically around the shrink ring, wherein the
middle sleeve includes axial ends that are weld or adhesive
bonded to opposing axial ends of the first and second
connector body. The glass sleeve may comprise a ceramic
glass sleeve. The pressure barriers may include: a glass-to-
metal joint between the outer diameter of the first glass
sleeve and the mner diameter of the first connector body; a
glass-to-metal joint between the mner diameter of the first
glass sleeve and the outer diameter of the first center pin; a
glass-to-metal joint between the outer diameter of the sec-
ond glass sleeve and the inner diameter of the second
connector body; and a glass-to-metal joint between the inner
diameter of the second glass sleeve and the outer diameter
of the second center pin. The splice connector may further
comprise a tlange groove extending from an axial end of at
least one of the first and second connector receptacles and
disposed concentrically around an axial extent of at least one
of the first and second glass sleeves.

Embodiment 3: A downhole electrical connection appa-
ratus comprising: an electric line disposed within a wellbore;
and a splice connection that couples a first segment of the
clectric line to a second segment of the electric line, said
splice connection including, at least one connector body
having an inner diameter defining a cavity within which at
least one connector receptacle 1s disposed; at least one
conductive center pin disposed within the at least one
connector receptacle; and at least one pressure sleeve annu-
larly disposed between an mnner diameter of the connector
body and an outer diameter of the center pin, such that a
pressure barrier 1s formed between an outer diameter of the
pressure sleeve and an inner diameter of the connector body
and a pressure barrier 1s formed between an inner diameter
ol the pressure sleeve and an outer diameter of the center
pin. The pressure sleeve may comprise a ceramic glass
sleeve and the pressure barriers may include: a glass-to-
metal joint between the outer diameter of the pressure sleeve
and the inner diameter of the connector body; and a glass-
to-metal joint between the inner diameter of the pressure
sleeve and the outer diameter of the center pin. The at least
one connector body may include a first connector body, a
second connector body, and a middle sleeve disposed axially
between the first connector body and the second connector
body. The at least one pressure sleeve may include a first
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glass sleeve and a second glass sleeve, and said downhole
clectrical connection apparatus may further comprise: a first
pin connector that includes, the first connector body having
a first cavity; a first connector receptacle disposed within the
first cavity; a first center pin disposed within the {first
connector receptacle; and the first glass sleeve annularly
disposed between an mnner diameter of the first connector
body and an outer diameter of the first center pin, such that
a pressure barrier 1s formed between an outer diameter of the
first glass sleeve and an inner diameter of the first connector
body and a pressure seal i1s formed between an inner
diameter of the first glass sleeve and an outer diameter of the
first center pin; a second pin connector that includes, the
second connector body having a second cavity; a second
connector receptacle disposed within the second cavity; a
second center pin disposed within the second connector
receptacle; and the second glass sleeve annularly disposed
between an inner diameter of the second connector body and
an outer diameter of the second center pin, such that a
pressure barrier 1s formed between an outer diameter of the
second glass sleeve and an mmner diameter of the second
connector body and a pressure barrier 1s formed between an
inner diameter of the second glass sleeve and an outer
diameter of the second center pin.

What 1s claimed 1s:

1. A downhole splice connector comprising:

a first connector body having a first connector sleeve
defining a first cavity, the first cavity extending from a
first connector receptacle positioned within the {first
connector body to a first weld joint;

a second connector body having a second connector
sleeve defimng a second cavity, the second cavity
extending from a second receptacle positioned within
the second connector body to a second weld joint,

a splice mterface axially disposed between and physically
coupling the first connector body with the second
connector body, the splice interface comprising a
middle sleeve having a first end coupled to the first
connector body at the first weld joint and having a
second end coupled to the second connector body at the
second weld joint,

a conductive center pin disposed within and extending
axially through the splice interface, the conductive
center pin having a first pin end extending into the first
cavity of the first connector sleeve and a second pin end
extending into the second cavity of the second connec-
tor sleeve; and

a pressure sleeve annularly disposed between an inner
diameter of the splice interface and an outer diameter of
the conductive center pin, such that a pressure barrier
1s formed between the first cavity of the first connector
body and the second cavity of the second connector
body.

2. The downhole splice connector of claim 1, wherein the
pressure sleeve comprises a polycrystalline or amorphous
material having at least one of a crystalline region and an
amorphous region.

3. The downhole splice connector of claim 1, wherein the
pressure sleeve comprises a ceramic glass sleeve and the
pressure barrier includes:

a first glass-to-metal jomnt formed between the outer
diameter of the pressure sleeve and an inner diameter of
the splice interface; and

a second glass-to-metal joint formed between an inner
diameter of the pressure sleeve and the outer diameter
of the conductive center pin.
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4. The downhole splice connector of claim 1,

wherein the first connector body includes a first end
coupler configured to mechanically fasten to a first
coupling of a first line conductor to be coupled to the
first connector body; and

wherein the second connector body includes a second end
coupler configured to mechanically fasten to a second
coupling of a second line conductor to be coupled to the

second connector body.
5. The downhole splice connector of claim 1, wherein the

first connector body, the second connector body, and the
splice interface comprise a steel alloy matenal.

6. The downhole splice connector of claim 1, wherein the
pressure sleeve 1s formed from an electrically insulative
material and 1s configured to electrically insulate the con-
ductive center pin from the middle sleeve.

7. The downhole splice connector of claim 1, further
comprising;

a first cylindrical groove disposed around a first end of the
pressure sleeve proximate an inner axial end of the first
connector sleeve; and

a second cylindrical groove disposed around a second end
of the pressure sleeve proximate an mner axial end of
the second connector sleeve.

8. The downhole splice connector of claim 1, wherein the
conductive center pin 1s formed from an electrically con-
ductive material comprising copper or a copper alloy, stain-
less steel, or a nickel alloy.

9. A downhole splice connector comprising;

a first connector body having a first connector sleeve
defining a first cavity, the first cavity extending from a
first connector receptacle disposed within the first con-
nector body to a first weld joint;

a second connector body having a second connector
sleeve defining a second cavity, the second cavity
extending from a second connector receptacle disposed
within the second connector body to a second weld
joint;

a middle sleeve axially disposed between and physically
coupling the first connector body with the second
connector body, the middle sleeve having a first end
coupled to the first connector body at the first weld joint
and a second end coupled to the second connector body
at the second weld joint;

a first conductive pin partially disposed within the first
connector body and partially disposed with the middle
sleeve, the first conductive pin having a {irst pin recep-
tacle end at one end of the first conductive pin and a
first pin terminal end at an opposite end of the first
conductive pin, wherein the first pin receptacle end is
disposed within the first cavity and the first pin terminal
end 1s disposed within the middle sleeve;

a second conductive pin partially disposed within the
second connector body and partially disposed with the
middle sleeve, the second conductive pin having a
second pin receptacle end at one end of the second
conductive pin and a second pin terminal end at an
opposite end of the second conductive pin, wherein the
second pin receptacle end 1s disposed within the second
cavity and the second pin terminal end 1s disposed
within the middle sleeve; and

a shrink ring comprising a conductive material, disposed
within the middle sleeve, and annually disposed at the
first pin terminal end of the first conductive pin and at
the second pin terminal end of the second conductive
pin, thereby forming an electrically conductive path
between the first conductive pin and the second con-
ductive pin.
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10. The downhole splice connector of claim 9, further
comprising;

a first pressure sleeve annularly disposed between an
inner diameter of the first connector body and an outer
diameter of the first conductive pin, such that a first
pressure barrier 1s formed between an outer diameter of
the first pressure sleeve and an 1nner diameter of the
first connector body, and a seconds pressure seal 1s
formed between an mner diameter of the first pressure
sleeve and an outer diameter of the first conductive pin;
and

a second pressure sleeve annularly disposed between an
inner diameter of the second connector body and an
outer diameter of the second conductive pin, such that
a third pressure barrier 1s formed between an outer
diameter of the second pressure sleeve and the inner
diameter of the second connector body, and a fourth
pressure barrier 1s formed between an inner diameter of
the second pressure sleeve and an outer diameter of the
second conductive pin.

11. The downhole splice connector of claim 10, wherein
the first pressure sleeve and the second pressure sleeve
comprise a ceramic glass.

12. The downhole splice connector of claim 10, further
comprising;

a first cylindrical groove extending from an axial end of
the first connector receptacle proximate the first weld
joint, the first cylindrical groove disposed concentri-
cally around at least a portion of the first pressure
sleeve; and

a second cylindrical groove extending from an axial end
of the second connector receptacle proximate the sec-
ond weld joint, the second cylindrical groove disposed
concentrically around at least a portion of the second
pressure sleeve.

13. The downhole splice connector of claim 9, wherein
the shrink ring 1s disposed between a pair of shrink ring
collars and opposing portions of the first pin terminal end of
the first conductive pin and the second pin terminal end of
the second conductive pin.

14. The downhole splice connector of claim 13, further
comprising an outer shrink ring disposed between the pair of
shrink ring collars and the shrink ring.

15. The downhole splice connector of claim 9, wherein
the first pin terminal end of the first conductive pin and the
second pin terminal end of the second conductive pin are
directly coupled 1n a male-to-female connection.

16. A downhole electrical connection apparatus compris-
ng:

an electric line disposed within a wellbore; and

a splice connection that electrically and physically
couples a first segment of the electric line to a second
segment of the electric line, said splice connection
comprising;

a lirst connector body having a first connector sleeve
defining a first cavity, the first cavity extending from
a first connector receptacle disposed within the first
connector body to a first weld joint;

a second connector body having a second connector
sleeve defining a second cavity, the second cavity
extending from a second connector receptacle dis-
posed within the second connector body to a second
weld joint;

a middle sleeve axially disposed between and physi-
cally coupling the first connector body with the
second connector body, the middle sleeve having a
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first end coupled to the first connector body at the
first weld joint and a second end coupled to the
second connector body at the second weld jo1nt;

a {irst conductive pin partially disposed within the first
connector body and partially disposed with the
middle sleeve, the first conductive pin having a first
pin receptacle end at one end of the first conductive
pin and a first pin terminal end at an opposite end of
the first conductive pin, wherein the first pin recep-
tacle end 1s disposed within the first cavity and the
first pin terminal end 1s disposed within the middle
sleeve:

a second conductive pin partially disposed within the
second connector body and partially disposed with
the middle sleeve, the second conductive pin having
a second pin receptacle end at one end of the second
conductive pin and a second pin terminal end at an
opposite end of the second conductive pin, wherein
the second pin receptacle end 1s disposed within the
second cavity and the second pin terminal end 1s
disposed within the middle sleeve; and

a shrink ring comprising a conductive material, dis-
posed within the middle sleeve, and annually dis-
posed at the first pin terminal end of the first con-
ductive pin and at the second pin terminal end of the
second conductive pin, thereby forming an electri-
cally conductive path between the first conductive
pin and the second conductive pin.

17. The downhole eclectrical connection apparatus of
claim 16, further comprising:

a lirst pressure sleeve annularly disposed between an
inner diameter of the first connector body and an outer
diameter of the first conductive pin, such that a first
pressure barrier 1s formed between an outer diameter of
the first pressure sleeve and an nner diameter of the
first connector body, and a seconds pressure seal 1s
formed between an inner diameter of the first pressure
sleeve and an outer diameter of the first conductive pin;
and

a second pressure sleeve annularly disposed between an
inner diameter of the second connector body and an
outer diameter of the second conductive pin, such that
a third pressure barrier 1s formed between an outer
diameter of the second pressure sleeve and the inner
diameter of the second connector body, and a fourth
pressure barrier 1s formed between an 1inner diameter of
the second pressure sleeve and an outer diameter of the
second conductive pin.

18. The downhole electrical connection apparatus of
claim 16, wherein the shrink ring 1s disposed between a pair
of shrink ring collars and opposing portions comprising the
first pin terminal end of the first conductive pin and the
second pin terminal end of the second conductive pin.

19. The downhole eclectrical connection apparatus of
claiam 16, wherein the first pin terminal end of the first
conductive pin and the second pin terminal end of the second
conductive pin are directly coupled mn a male-to-female
connection.

20. The downhole electrical connection apparatus of
claim 16, further comprising:

a first seal groove and a first weld flange extending axially

around an outer surface of the first connector body; and

a second seal groove and a second weld flange extending,

axially around an outer surface of the second connector
body.
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